Aceruloplasminemia is an autosomal recessive inherited disorder caused by ceruloplasmin gene mutations. The loss of ferroxidase activity of ceruloplasmin due to gene mutations causes a disturbance in cellular iron transport. We herein describe a patient with aceruloplasminemia, who presented with diabetes mellitus that was treated by insulin injections, liver hemosiderosis treated by phlebotomy therapy, and neurological impairment. A genetic analysis of the ceruloplasmin gene revealed novel compound heterozygous mutations of c.1286_1290insTATAC in exon 7 and c.2185delC in exon 12. This abnormal compound heterozygote had typical clinical features similar to those observed in aceruloplasminemia patients with other gene mutations.
Introduction
Aceruloplasminemia is an autosomal recessive inherited disorder caused by ceruloplasmin gene mutations (1) (2) (3) (4) . Ceruloplasmin bound with copper has a ferroxidase activity for iron transport. Therefore, the loss of the ferroxidase activity of ceruloplasmin due to gene mutations can cause a disturbance in cellular iron transport. Additionally, it results in iron accumulation in the brain and other organs. The accumulated iron in tissues provides free radicals and lipoperoxidation products which cause oxidative stress, and can eventually lead to tissue and organ damage (5, 6) .
It is known that the human ceruloplasmin gene has 20 exons, and more than 40 mutations in the ceruloplasmin gene have been identified at many exons. The majority of these mutations can lead to the formation of a stop codon, and the produced protein does not have the necessary structure to perform the enzymatic function in cellular iron transport (5). Aceruloplasminemia is rare disease caused by genetic mutations. Most of these genetic mutations are observed within families of a common ancestry (5) . In Japan, the frequency of aceruloplasminemia has been estimated to be 1 per 2,000,000 in the case of nonsanguineous marriages (6, 7) .
In this report, we describe the clinical features of a patient with aceruloplasminemia having abnormal compound heterozygous mutations in exon 7 and exon 12 of the ceruloplasmin gene. To our knowledge, this combination of mutation sites has not been reported previously.
Case Report
A 68-year-old woman presented with cognitive decline. She had no relevant family history. She had been treated for several diseases by a primary care doctor and our hospital, before visiting our department (Fig. 1) . From about 50 years of age, she had anemia with iron deficiency. Although her anemia had been treated with oral iron supplements, it did not improve. She was diagnosed with diabetes mellitus at 60 years of age. Oral hypoglycemic drugs had been used in the Figure 1 . The clinical course of our case is shown. After discontinuing oral iron supplements and initiating phlebotomy therapy, the AST, ALT and ferritin levels improved. However, the cognitive function declined as neurological dysfunction developed during phlebotomy therapy.
initial management of her diabetes mellitus. However, her glycemic control did not improve with these drugs, and treatment with insulin injections was started. She visited an ophthalmologist to check for diabetic retinopathy complications, and no apparent abnormalities were noted. At 61 years of age, she experienced hepatic dysfunction. Her blood chemistry indicated elevated levels of aspartate transaminase (AST) and alanine transaminase (ALT) (AST: 392 IU/L, reference 13-33 IU/L; ALT: 502 IU/L, reference 6-27 IU/L). Therefore, she was referred to the Department of Gastroenterology in our hospital. She was diagnosed with liver hemosiderosis on liver biopsy and was treated with phlebotomy therapy every few months. After discontinuing oral iron supplements and starting the phlebotomy therapy, her anemia was controlled, with hemoglobin levels of approximately 10.0 mg/dL and the AST and ALT levels decreased to normal. Additionally, her ferritin level improved from 2,900 ng/mL to 348 ng/mL. On maintaining the phlebotomy therapy, cognitive function decline developed from 67 years of age, and her brain magnetic resonance imaging (MRI) revealed the deposition of iron in the brain parenchyma. Therefore, she visited the Neurology Department in our hospital.
At the first visit, she was 157 cm tall and weighed 40.2 kg. Her blood pressure was 128/69 (systolic/diastolic) mmHg in the sitting position, and her resting heart rate was 56 beats per minute (bpm). She was alert and well oriented. Her cognitive function was mildly disturbed at visual memory and word recall. Moreover, her score of the Revised Hasegawa's Dementia Scale (HDS-R) was 23 points. Although her pupils and range of ocular motion were normal, saccadic eye movement was observed. Other cranial nerve functions and muscle strength of the trunk and extremities were intact. No involuntary movement was observed. The finger-to-nose test and heel-to-knee test identified moderate ataxia in her extremities. She could walk independently, but her gait was short-stepped and wide-based. Additionally, in the one-leg stand test and tandem gait test, she was moderately unstable. Deep tendon reflexes were absent in the extremities. The plantar responses were flexor on both sides. Although her sensations of pain and light touch were intact, her sensation of vibration was moderately decreased in the lower extremities.
The results of blood cell counts and blood chemistry tests are shown in Table. Her blood cell counts indicated anemia with a decreased mean corpuscular volume. The patient's blood chemistry demonstrated decreased levels of serum iron (Fe) (Fe: 13 μg/dL, reference 45-154 μg/dL). Her serum ferritin level was elevated without any oral iron supplements (ferritin: 618 ng/mL, reference 3-120 ng/mL). She had decreased serum copper (Cu) and ceruloplasmin levels (Cu: 14.0 ng/mL, reference 66-130 ng/mL; ceruloplasmin: <0.1 μg/dL, reference 21-37 μg/dL). Her hemoglobin A1c (HbA1c) was elevated, reflecting diabetes mellitus (HbA1c 6.8%, reference 4.6-6.2).
Cranial and abdominal MRI was performed. Cranial MRI revealed abnormal low intensity areas in the thalamus, putamen, and cerebellar dentate nucleus in T2-weighted images Fig. 2A) . Additionally, low intensity areas were observed in the cerebral cortex in T2*-weighted images (Fig. 2B) . Abdominal MRI showed diffuse low intensity changes in the liver in T2-weighted images (Fig. 2C) . A liver tissue biopsy revealed iron deposition in hepatocytes and Kupffer cells. Based on these features, she was diagnosed with liver hemosiderosis. After obtaining the patient's informed consent, a ceruloplasmin gene analysis was performed at Hamamatsu University School of Medicine. The ceruloplasmin gene analysis revealed two mutations (Fig. 3) . A 5-bp insertion in exon 7 (c.1286_1290insTATAC) and a 1-bp deletion in exon 12 (c.2185delC) were observed, and these changes caused frameshift mutations. Therefore, she was diagnosed to have aceruloplasminemia with abnormal compound heterozygous mutations in exon 7 and exon 12.
We discontinued the phlebotomy therapy and planned a therapeutic regimen using the oral iron-chelating drug deferasirox. However, she died while bathing at home, possibly from ischemic heart disease before initiating the iron chelation therapy.
Discussion
The clinical symptoms of aceruloplasminemia are characterized by anemia, retinal degeneration, diabetes mellitus, and neurological symptoms. The typical course of aceruloplasminemia has been described in previous reports (5, 6) . In most aceruloplasminemia patients, the symptoms of anemia appear in their twenties or thirties, those of diabetes mellitus appear in their thirties or forties, and neurological symptoms appear in their forties or fifties. In this case, although the onset of these clinical symptoms was delayed, the order of symptoms was similar to that of typical cases, despite the lack of retinal degeneration. Focusing on neurological symptoms, the four important abnormal findings of ataxia, involuntary movement, parkinsonism, and cognitive dysfunction are observed frequently in patients with aceru- 1286_1290insTATAC) and (B) a 1-bp deletion in exon 12 (c.2185delC) are observed. These changes caused frameshift mutations.
loplasminemia (5, 6) . Although the onset of these neurological symptoms was uncertain in this case, all symptoms except for involuntary movement were clear at her first visit to our department at 68 years of age.
More than 40 mutations of the ceruloplasmin gene have been identified over many exons (5, 6) . The clinical characteristics are similar despite the differences in the mutation sites, because of the loss of ferroxidase activity of ceruloplasmin. Therefore, there is no genotype-phenotype association in aceruloplasminemia. The clinical features of aceruloplasminemia patients with a homozygous mutation of c.1286_1290insTATAC in exon 7 and with a homozygous mutation of c.2185delC have been reported previously (2, 8) , and their clinical courses were similar to those of typical aceruloplasminemia patients. In Japan, the ceruloplasmin gene mutations has been described at several other mutation points, such as c.319delT, c.2068delG, c.2482delG, G969S, G873E, W858X, W1017X, 607+1G>A, c.1209-2A>G, and 3019-1G>A (3, (9) (10) (11) (12) (13) (14) (15) (16) (17) . However, these mutations were homozygous, and no heterozygous combination has yet been described. This case had abnormal compound heterozygous mutations of c.1286_1290insTATAC in exon 7 and c.2185delC in exon 12, and such a case has not been reported previously. This abnormal compound heterozygote had typical clinical features similar to those in aceruloplasminemia patients with other gene mutations.
In aceruloplasminemia patients, organ disturbances are caused by iron accumulation. To reduce iron accumulation in the organs, iron chelation therapy using deferoxamine and deferasirox, fresh frozen plasma administration, and zinc sulfate therapy have been performed (5, 6, 8, 18) . The effectiveness of iron chelation therapy has been described in previous reports (8, (19) (20) (21) . Additionally, some reports have suggested that iron chelation therapy is effective for hepatic iron overload, diabetes mellitus, and neurological symptoms, but not for improving iron accumulation, which can be observed on brain MRI (15, 22, 23) . In our case, the AST and ALT levels were found to be elevated at the time of her first visit to the Department of Gastroenterology, and phlebotomy therapy and the discontinuation of oral iron supplements were carried out to treat her liver hemosiderosis. For these treatments, her AST, ALT, and ferritin levels transiently improved. Previously, her serum AST and ALT levels in the aceruloplasminemia patients were normal (4, 10) and slightly elevated (13, 15) . Therefore, we attributed the elevated transaminases levels to oral iron supplements therapy. Since aceruloplasminemia severely disrupted her iron transport capability, treatment with oral iron supplements might have caused a progression of iron accumulation in the liver, thereby causing liver damage and an elevation of the transaminase levels. We continued the phlebotomy therapy, but the development of neurological symptoms could not be prevented. Although the effectiveness of phlebotomy therapy for aceruloplasminemia patients has not been proven (24) (25) (26) , we consider that her neurological dysfunction occurred due to disease progression and not by the phlebotomy therapy. In contrast, iron chelation therapy has been demonstrated to be appropriate for aceruloplasminemia patients (8, (19) (20) (21) . Iron accumulation in the brain has been observed in patents without any neurological symptoms, and the importance of the early diagnosis of aceruloplasminemia and the early induction of iron chelation therapy has been reported (5, 15) .
Considering the clinical course of aceruloplasminemia, anemia and diabetes mellitus are the early clinical signs. In aceruloplasminemia patients, anemia appears as microcytic anemia with decreased serum iron and elevated serum ferritin levels (5) . In patients with iron-deficiency anemia, the screening of the serum ferritin level is crucial. While irondeficiency anemia results in decreased serum iron and ferritin levels, aceruloplasminemia results in elevated ferritin levels with decreased serum iron levels. In iron overload syndromes, such as aceruloplasminemia, oral iron therapy might therefore accelerate the occurrence of liver damage. Therefore, the screening of the serum ferritin levels is necessary before initiating any therapy for microcytic anemia. Additionally, diabetes mellitus needs insulin for the control of the blood glucose levels, as in insulin-dependent diabetes mellitus (10, 13, 27) . Although the combination of several therapies has been used for the treatment of these symptoms, the effectiveness of these therapies has been shown to be poor, as in the case of phlebotomy therapy for liver hemosiderosis. Therefore, it is important to consider the possibility of aceruloplasminemia when encoutering cases with intractable anemia and diabetes mellitus in order to make an early diagnosis.
In conclusion, we herein described a patient with aceruloplasminemia who demonstrated novel abnormal compound heterozygous mutations in exon 7 and exon 12 of the ceruloplasmin gene. Phlebotomy therapy has only a limited effect with regard to treating liver hemosiderosis in patients with aceruloplasminemia. The early identification of aceruloplasminemia is therefore important in order to timely administer the appropriate therapy and prevent the onset of neurological symptoms.
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